Scaffolds of PDLLA were produced to be implemented in maxilofacial surgeries inducing bone repair and regeneration. To prepare these scaffolds, bioglass (BG58S) was synthesized by sol-gel method, in order to be applied as osteoconductive dispersed particles in PDLLA matrix. Once presenting greater facility on parts fabrication, this polymeric matrix enables complex geometries production besides presenting compatible degradation rate for scaffold absorption and bone regeneration. Scaffolds production was performed by selective laser sintering in order to obtain tailored-made parts. FTIR and XRD analyses were carried out to observe the composition and evaluate the presence of crystalized phases in bioglass, obtaining Wollastonite. SEM was used to observe the BG particle distribution in PDLLA matrix and flexural test was performed to evaluate the composite mechanical properties. Results showed that was possible to obtain pieces using SLS method and with addition of 10%wt BG to polymeric matrix, flexural modulus and strength increased regarding to pure polymer.
Introduction
In Tissue engineering, materials science is combined with medicine and biology in order to make improvements in the human beings life by providing techniques to reconstruct damaged tissues and organs 1 . A common technique used for these purpose is scaffold implantation at the injured parts, using adequate materials that promote tissue regeneration.
Biodegradable polymers are widely used, nevertheless, their degradation residues decrease the medium pH, turning it acid, promoting an undesirable inflammatory response. In order to minimize this inflammatory response, bioactive ceramic particles are incorporated to the matrix, stabilizing the medium pH. BG 58S (60%SiO 2 , 36%CaO, 4%P 2 O 5 (% mol)), a resorbable biomaterial, was used as dispersed particles in polymer matrix in order to promote osteoconduction and pH stabilization, aiding bone regeneration. These regeneration is due to calcium and phosphate ions release, which are present at BG composition and play an important role at bone metabolism (angiogenesis, grow and tissue mineralization) [2] [3] [4] [5] [6] . Scaffolds can be prepared by Selective Laser Sintering (SLS), a Rapid Prototyping (RP) manufacturing technology, which is able to produce tailored-made parts for each fracture. This method is based at material powder sinterization, layer-by-layer, by an infrared laser beam (CO 2 Laser), which produces a final part previously obtained by computer-aided design (CAD). Other advantages of this technique are high dimensional accuracy, allowing well defined details, and achievement of complex designs. Once scaffolds require controlled properties and structure (as interconnected porosity and 3D structure, to allow cell migration, nutrition and proliferation), SLS is a widely used fabrication method 7, 8 . In order to optimize samples processing with SLS method, (optimizing microstructure, mechanical properties and surface characteristics of the scaffolds), some variables can be controlled: laser power, scan speed and spot diameter at focus. These variables estimate the laser energy density (Equation 1) that reaches the material surface [9] [10] [11] [12] [13] [14] .
where ρ e (J/mm²) is the laser energy density, P (W) is the laser power, v (mm/s) is the scan speed and d (mm) is the spot diameter. This study presents scaffolds production to be used at non-load bearing areas, as, for example, facial skeleton 15 . To produce these scaffolds two biomaterial were combined, poly (D,L) lactide (PDLLA) and bioglass 58S (BG 58S). PDLLA was the composite matrix, hence is a biomaterial that can be applied in non-load bearing due to its mechanical characteristics and complete resorption after within 72 weeks of implantation 15 . Four compositions of sample (0%wt BG, 10%wt BG, 20%wt BG and 30%wt BG) were prepared and the aim of this study was to produce samples by SLS method, confirm if the synthesized materials presented the correct composition and structure and investigate the influence of BG particles amount at the mechanical properties of these composites.
Material and Methods
PDLLA was synthesized (as described in 16 
Synthesis of sol-gel process
BG58S was synthesized by sol-gel process as follows. At first TEOS, TEP and (Ca(NO 3 ) 2 *4H 2 O) (with BG58S molar ratio), ethanol and 2M HNO 3 were added in an Erlenmeyer, at 50 °C and constant agitation. Solution was placed in a stove (Drying and sterilizing stove, Nova Ética, 402/D) at 70 °C for 24h in order to dry the material and promote its gelation.
Subsequently the material was thermally treated at 600 °C and milled in an eccentric mill (BP Engenharia, CB2-T), producing a material with d 50 = 12.15 µm (Mastersizer 2000, Malvern Instruments), used as dispersed particles at the polymeric matrix of composite. Also, with this powder, FTIR (Spectrophotometer Bruker, Tensor 27) and XRD (Vertical diffractometer, Philips, PW1150) were performed.
Sample preparation at SLS
In order to prepare samples for mechanical analyses, PDLLA in pellets was milled in an industrial blender (Stainless steel Industrial Blender, TRON, 25000 rpm), with liquid nitrogen, achieving a range of particles between 150 µm and 300 µm (sieve analysis), which is indicated to obtain the necessary scaffolds porosity 17, 18 . PDLLA and BG powder were mixed at a Y-mixer for 45 min, in different proportions, 10%wt BG, 20%wt BG and 30%wt BG. The different compositions were processed at SLS (Table 1) producing samples with rectangular shape (35.0 × 5.0 × 2.3 mm).
Laser power of 5.4W was used at the process, once lower power didn't promote the particles sinterization and higher powder promoted polymer degradation.
These rectangular samples were tested at DMA (Q800, TA Instruments) with single cantilever at 30 °C with an increase stress rate of 2N/min, obtaining stress-strain curves.
Characterizations
In order to characterize the materials, some tests were realized. For BG 58S FTIR (Bruker Spectrophotometer, Tensor 27) was carried out with sample prepared as a pastille of BG and KBR. Also XRD (Vertical diffractometer, Philips, PW1150) in which BG powder was analyzed.
For PDLLA were carried out: Gel permeation chromatography (GPC) (Schmadzu, UFLC), polymer powder was solubilized at THF; FTIR (Bruker Spectrophotometer, Tensor 27), sample was prepared as a PDLLA pastille; Nuclear magnetic Resonance (NMR) (Varian, NMR AS 400) and Differential Scanning Calorimetry (DSC) (Shimadzu, DSC -50) with initial temperature of 20 °C heating rate of 5 °C/min until 200 °C (N 2 purge).
Results and Discussion

BG Characterization
The observed infrared spectrum obtained for BG58S is presented at Figure 1 Wollastonite presents great influence at biomaterials activity, aiding at the formation of carbonated apatite layer, which provides the bonding with osseous tissue 19, 22 .
PDLLA characterization
The composite matrix was produced with the synthesized PDLLA and its composition and properties were analyzed by GPC, FTIR, DSC and NMR.
Molecular mass was measured by gel permeation chromatography (GPC) and the values for Mn (78498 g/ mol), Mw (153596 g/mol) and polydispersity index (1.95) were obtained. Figure 3 presents FTIR spectrum for PDLLA. First notable peaks are at 3000 and 2943 cm -1 , which refer to C-H stretching bonds, due to methyl and methyne groups. At 1744 cm -1 , are presented the stretching mode of the carboxyl groups. 1458 cm -1 are presented the CH 3 asymmetric deformation modes. Peak at 1383 cm -1 represents the δ S CH 3 symmetric deformation. 1261 cm -1 refers to stretching modes of ester groups -CO-O- [16, 23, 24] . These presented peaks characterize important groups of PDLLA molecular structure, showing that the synthesized polymer's structure is in accordance to literature 16, 24 . Figure 4 presents H 1 NMR spectrum of PDLLA using CDCl 3 . The doublet peak at 1.56 ppm represents the -CH 3 protons; the multiple at 5.14 ppm represent the -CH groups present in polymer chain and 7.26 ppm the -OH groups 16, 23, 24 . Figure 5 represents the 13 C-NMR PDLLA spectrum using CDCl 3 . Peak at 16.61 ppm represents -CH 3 groups; at 68.98 ppm the -CH groups and at 169.63 ppm, -COOH groups 16, 24 . In both NMR spectra were identified the important groups of the molecular structure, showing that the synthesized PDLLA presents the correct structure as in literature 16, 24 . Figure 6 presents DSC graphic of amorphous PDLLA where is observed the polymer T g at 42 °C. The regular values for PDLLA are between 50 and 60 °C [16, 23] .
Composite characterization
In order to characterize the mechanical behavior of composites, DMA was used and the graphic of stress-strain was obtained. Three samples of each composition were tested and the average values of modulus were recorded at 1 till 3% strain. The results are presented at Figure 7 . Table 2 presents the composition of each sample, as well as the average Flexural Modulus (E average ), average Maximum Strength (σ average ) and Rupture Strain (ε rupture ). For values until 3% of strain, composite with 10%wt of BG obtained the higher values of average flexural modulus and also higher values for average maximum strength. Nevertheless, the samples with pure polymer presented strain values for rupture considerably higher than composite with 10%wt of BG. The composites with higher amounts of BG (20 and 30%wt) presented a significant decrease of values for flexural modulus, maximum strength and rupture strain.
Scanning Electron Microscopy (SEM)
Each composition of samples was taken to SEM and micrographs of 50 and 200x of magnification were taken (Figures 8 and 9 ). (Research supported by LCME-UFSC.) As can be seen at composite micrographs, it is possible to observe that for pure polymer, necks were formed and particles sinterization occurred. The addition of bioglass particles (10, 20 and 30%wt of BG) interfered at neck formation between the polymer particles, preventing polymer sinterization. These samples were also analyzed by computed tomography (Metrotom 1500, Zeiss, LABMETRO/UFSC), which confirmed the pores interconnectivity (data not shown).
Conclusions
Bioglass 58S analyses by FTIR and XDR stated the composition and structure compatible to the literature, showing that the BG synthesis by sol-gel process was accurate. FTIR and NMR of PDLLA attested the composition and structure of the synthetized polymer.
The composites were able to be produced via SLS method, presenting interconnected porous microstructure, specially, for pure polymer. Nevertheless less intense neck formation was observed with bioglass addition.
Stress-strain curves for PDLLA composites with 10%wt of BG presented greater values for flexural modulus and strength. However, for composites with higher BG amounts these values decreased due to a decrease in the polymer particles coalescence. PDLLA/BG58S composites were able to be produced by SLS method, presenting the most relevant results for 10%wt of BG.
